The World Cultural Heritages are increasingly threatened with destruction by traditional causes of decay and socio-economic development. The World Cultural Heritage in Hue, Central Vietnam is not an exception. In conservation management of the World Cultural Heritage satellite high-resolution images are among the sources providing detailed information on sites, monuments and/or their surroundings for assessment of the impacts of time and socio-economic development on the site and monuments. The Complex of Monuments in Hue has been recognized by UNESCO in 1993 thanks to its specific features of Geomancy and architectural landscape. As such, these features are the targeted subject of local conservation management. This paper aims at testing six models of fusion CA, IHS, WT, GS, BT, UNB to find the most appropriate for information extraction from the optical image provided by the Vietnamese satellite VNREDSat-1 for monuments conservation management purpose. Two Monuments in Hue with two architectural concepts have been selected for this test, Hue Imperial City and the Tomb of the King Minh Mang. The results show that UNB model is appropriate for fusing 10 m multispectral data with 2.5 m panchromatic data of VNREDSat-1 for the extraction of water, vegetation and built objects and their spatial arrangement patterns inside the Monuments. The test on two architecturally representative monuments shows that object features extracted from the fused data are detailed enough to satisfy information requirement of conservation practice in Hue focusing mainly to protect the integrity and the authenticity of the monuments.
Introduction
Cultural heritage is part of national cultural value and contributes to the cultural treasure of humanity and many among them have been recognized as the World Cultural Heritage. However, as UNESCO emphasized, the cultural heritage and the natural heritage in the world are increasingly threatened with destruction by traditional causes of decay and socio-economic development [1] . Yet, the World Cultural Heritages are the attractive destination of tourists and actually placed under the pressure of tourism-driven urbanization and urban service development [2] [3] [4] [5] [6] .
Hue City in Central Vietnam was established as the capital of feudal Vietnam in 1802 CE and was cultural and religious center during 19th centuries until 1945
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Case of Hue, Central Vietnam 562 [7] . Hue City is characterized by a Complex of Monuments of Outstanding Universal Value for which has been recognized by UNESCO as the World Cultural Heritage in 1993 ( Fig. 1) . The Complex of Hue Monuments is located in and around Hue City ( Fig. 1 ) of which the structures are carefully placed within the natural setting of the site and aligned cosmologically to respect Geomancy rules that give Hue's monuments an eminent value [7] . The integrity and authenticity of its monument two one of four criteria UNESCO uses to assess its outstanding universal value [1] . The Complex of Hue Monuments site has suffered from the effects of 3 wars and is now under the pressure of urbanization partially driven by the development of tourism after Hue City has been inscribed in the list of World Cultural Heritage in 1993. However, the basic architectural and landscape features of the site are recognized intact since their original construction in the early 19th century CE. These two criteria are indicator not of the outstanding universal value of the complex but also the extent of protection policy and the commitment of the local government in conservation planning and activities [8] .
As it is shown in Fig. 1 , most of the monuments are located in densely populated areas of Hue and the influence of urbanization and touristic services on the monuments is unavoidable. In addition to development, climate change and natural disasters are others problems the conservation of monuments is facing and remain Hue is not exception. It is argued that threats from flooding, insect damage and inappropriate development within the site could affect its authenticity and the ability of the site to demonstrate its Outstanding Universal Value [8] . The Complex of Hue Monuments plays a special position in the Socio-Economic Development.
Master Plan of Thua Thien Hue Province so that its Planning Framework for 2010-2020 has been adjusted by the Vietnamese Government on 7 June 2010 to fit the conservation requirements and to cover socio-economic development purposes. The previous studies in Hue argued that cultural heritage is readily included in development strategies as a significant asset in contemporary socio-economic development [9] and one of the industrial sectors strongly and closely related to cultural heritage is tourism [3] . In reality, some of the monuments are now in ruins and most of the significant existing monuments have been partially restored [8] . Nevertheless, this may happen again in the future and the concern is how to ensure that the integrity and authenticity of the monuments are permanently maintained and that the monuments in Hue are steadily retained by UNESCO in the list of the World Cultural Heritage. Under such circumstance it is important to detect and to monitor the changes of monument structure details caused by the development and/or climate change impacts. Since the launching of high resolution satellites such as IKONOS in 1999 remotely sensed data are used for land cover changes in urban areas and most of remote sensing application are focused on either archeological studies or on land use change impacts on the monuments of cultural heritages in the world [10] [11] [12] . Recently, remote sensing data are used for management of cultural heritage both in assessment of land use impacts and in identifying the boundaries or metric specification of sites. Those applications are based mainly on fusion image allowing combine multispectral data with panchromatic data to obtain finer interpretation ability of the image [13] [14] [15] [16] . The use of remote sensing techniques in similar work in monument conservation in Vietnam is still weakly studied, especially in using the sensor on board of Vietnamese satellite VNREDSat-1. This is the first Earth observation satellite of Vietnam launched in May 2013. The satellite provides optical data of 10m of spatial resolution in multispectral mode and 2.5 m in panchromatic band. This paper aims to test well known in literature fusion techniques to VNREDSat-1 data in order to extract information on shape edges of monuments and the spatial arrangement of vegetation, water and built objects inside the monument. These features are important elements contributing to the value of monument.
Study Area, Data and Method

Study Area and Data
We choose two monuments for this study: the Imperial City and the Tomb of King Minh Mang (Fig.  2) . These monuments are part of the Complex of Monuments the World Cultural Heritage of Hue and characterized by specific architectural techniques in combining the spatial arrangement pattern of vegetation, water and built object according to Geomancy rules.
We have used an image of VNREDSat-1 acquired on 14 May 2013 in both spectral and panchromatic modes with such technical specifications as shown in the Table 1 .
Fusion Method
Image Fusion Techniques
Objective of image fusion is to create a new data set providing high spatial resolution of panchromatic band and high spectral resolution of multispectral bands. Fusing panchromatic and multispectral images improves the visualization of the study area and produce better results [17] . However, the most important limitation of fusion techniques is that the fused image usually has a notable deviation in spectral values from the original image and, consequently causing some color distortion, affecting visual interpretation [18] .
Based on literature review, Nikolakopoulos [17] has provided a list of fusion methods he considered the most used in commercial image processing software. (2015) argued that quality assessment must be conducted with two categories of criteria: spectral and spatial ones.
In terms of spectral analysis, based on literature review we propose and use the following metrics ( [17] . As for spatial analysis we employ (Table 2) Entropy (E) [17] , Universal Image Quality Index (Q) [17] and Edge Detection (Edge) [20, 25] .
The Tables 3 and 4 present the spectral metrics (CC, BIAS, DIV, RMSE, RASE and ERGAS) and spatial 
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Quality index Mathematical expression
Bias of Mean (ideal value is zero)
F refers to the fused image; MS is the multi-spectral data Edge Detection (Canny) (%) (ideal value: as high as possible) (a). It first smoothes the image using Gaussian filter to eliminate the noise. (b). It then finds the image gradient using Sobel operator to highlight regions. (c). Followed by suppression of any pixel that is not at the maximum (non-maximum suppression). (d). method uses two thresholds T1 and T2 which are used to classify the gradients in three groups:
Difference In Variances
• Gradients > T2: definitely an edge point • Gradients < T1: definitely a non-edge point • Otherwise, the decision is taken depending on the direction of the point and existing edge paths. It is difficult to find the threshold values T1 and T2 automatically, especially when the image boundaries are vague Regarding the spatial metrics Entropy, Q and EDGE both monument site on UNB fused image have 3 over 3 metrics reaching the values better than that of others fusion models.
All this allow us to conclude that UNB fusion model is quite appropriate for the monuments of the World Cultural Heritage in Hue on VNREDSat-1 data and we can use it for further interpretation.
Results and Discussion
The image fused by UNB model is then segmented to extract vegetation, water and built objects inside Hue Imperial City and the Tomb of the King Minh Mang. The object segmentation and aggregation have been implemented with eCognition Developer and the results are presented in Fig. 5 . This operation allows us to map the vegetation, water body and built objects of these two Monuments. The results are presented in Fig. 5e and 5f .
The key elements of Imperial City can be distinguishable even with 2.5 m of resolution of the fused image (Fig. 5e ). This part of Hue Citadel remains almost intact during three wars in Vietnam and is part of the construction according to Vauban model which has been designed and implemented during Gia Long time (1802-1819) based on the concept of a fortified city [26] . One can distinguish clearly the water bodies under the form of protective channels surrounding the Imperial City and the lakes inside it. The built-up objects extracted from the image are under form of walls of the Imperial City and the houses along the major axis of the City. Comparing to the design (Fig. 5a ) it is remarked that in Fig. 5c some of the houses have already disappeared and all what remain are quite detectable on the fused image. The vegetation detected on the image is distributed as the fan of the houses and keeping the garden configuration as it was designed.
The Tomb of the King Minh Mang is considered as the result of a new architecture approach [26] giving the symmetry for water body that encircles the Tomb on the topographically flat site. Outside the water body the vegetation serves as a green belt harmonizing the water and the built area of the Tomb. Before to come to the Tomb of the King one has to pass by several architectural components (numbered as 1 to 5 in Fig. 5b ) arranged on a line strictly respecting Geomancy rules. The comparison of image interpretation results (Fig. 5d and Fig. 5f ) and the design (Fig. 5b) allows us to confirm the distinguish ability of the objects in the complex of Tomb of the King Minh Mang we are interested in on VNREDSat-1 fused image for monument monitoring purpose.
The conservation activities in Hue are focused to protect the integrity and the authenticity of the 
Conclusions
Fusion models recommended in literature are widely used and embedded in commercial software can fit different data at different levels of quality. Our test demonstrated that UNB fusion model is the most appropriate for Vietnamese VNREDSat-1 data. Most of criteria used for spectral and spatial quality assessment of UNB fusion applied to 10 m spectral data and 2.5 m panchromatic data reached the highest scores.
The fused image provides very high distinguish ability of vegetation, water body and built of object that are detailed enough for interpretation of their spatial distribution patterns. In the case of Hue Imperial City, the vegetation, water and built objects are explicitly distinguished to show the configuration of a fortified city as it was designed and still recorded in historical documents. In the case of the Tomb of the King Minh Mang the monument is seen on the fused image with all vegetation, water and built objects detailed enough to show the architectural structure of the Tomb as it was designed in historical past.
Through our test we are convinced that VNREDSat-1 data fusion can contribute useful information for the conservation management of the World Cultural Heritage in Hue.
The limitation of our study is that we are unable to evaluate the change detection capacity of VNREDSat-1 data in monuments conservation management when we have used only one acquisition and it is recommendable to cover it in a future research.
